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Aliqmd aystal alignment film, which is a film wherein a silane-based 
sur&ctant having a hnear carbon chain and Si is chemically adsorbed via an 
5 energy beam sensitive resin film for generating functional groups containing 

active hydrogen by energy beam irradiation formed on a predetermined sur&ice of 
a substrate, where the linear carbon chains are aligned in a specific direction. 

2. The liquid crystal alignment film according to daim 1, wherein the film formed 
of the surGeictant is fixed to the energy beam sensitive resin film via covalent bonds 

10 on the sur£sioe of the substrate in a striped pattern. 

3. The liquid crystal alignment film according to claim 2, wherein the fixed film 
formed of the sur&ictant is fixed to the enei^ beam sensitive resin film via a film 
having sUoxane bonds. 

4. The liquid crystal ahgimient film according to any one of claims 1 to 3, wherein 
15 the silane-based surfiactant is a chlorosilane-based sur&ictant containing a linear 

hydrocarbon group and a chlorosilyl group. 

5. The liquid crystal alignment film according to daim 4, wherein a part of 
hydrogen of the linear hydrocarbon group of the chlorosUane-based surfeictant is 
substituted with at least a fluorine atom. 

20 6. The liquid crystal aligimient film according to daim 4 or 5, wherein a plurality 
of types of chlorosilane-based siurfeictants, each having a dififerent molecular length, 
are mixed and used as the chlorosilane-based suri^ctant containing a linear 
hydrocarbon group and a chlorosUyl group. 

7. A Uquid crystal alignment film, which is a monomolecular film formed on a 
25 surface of a substrate provided with desired electrodes, wherein the molecules 

constituting the film have a desired tilt and are bonded and fixed to the surfeice of 
the substrate at one end while being aligned uniformly in a specific direction. 

8. The liquid crystal alignment film according to claim 7, wherein the desired tilt 
of the molecules is defined by fixing the molecules constituting the film to the 

30 substrate by covalent bonds, washing the molecules with an organic solvent, and 
tilting the substrate in a desired direction so as to drain off the solvent. 

9. The liquid crystal aligrunent film according to daim 7 or 8, wherein the 
molecules constituting the film contain carbon chains or siloxane bond chains. 

10. The Uquid crystal aligrmient film according to daim 9, wherein a carbon of a 
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part of the carbon chain has an optical activity. 

11. The liquid crystal alignment film according to any one of c la i m s 7 to 10, 
wherein the molecules constituting the film have Si at both ends. 

12. The hqmd crystal alignment film according to any one of claims 7 to 11, 

5 wherein the molecules constituting the film are formed by miTring a plurality of 
types of chemisorption moleciiles having different molecular lengths, and the fibced 
film has concavities and convexities on a molecular length level. 

13. A liqxiid crystal alignment film, which is a monomolecular fihn formed on a 
surface of a siibstrate provided with desired electrodes, wherein the molecules 

10 oonstitutii^ the film have carbon chains or siloxane bond chains, and at least a 
part of the carbon chain or the siloxane bond chain contains at least a fimctional 
group for controlling a sur&ice enei^ of the film. 

14. The Uqiud aystal alignment film according to rifiim 13, wherein a pluraUty of 
types of silane-based surfeictants, each having a different critical sxu^ace energy, 

15 are mixed and used as the molecules constituting the film, and the fixed film is 
controlled so as to have a desired critical surface energy 

15. The Uquid crystal alignment film according to claim 13 or 14, wherein the 
functional group for controlling the surfece energy is at least one organic group 
selected fixDm the group consisting of a carbon trifluoride group (- CF3), a methyl 

20 group (- CH3), a vinyl group (- CH = CH2), an allyl group (- CH = CH- ), an 

acetylene group (triple bonds of carbon - carbon), a phenyl group (~ CgHs), an aryl 
group (- C6H4 -) , a halogen atom, an alkoxy group (- OR; R represents an allsyl 
group), a cyano group (- CN), an amino group (~ NHg), a hydrojyl group (~ OH), a 
carbonyl group ( = CO\ an ester group (- COO -) and a carbbxyl group (- COOH). 

25 16, The liquid crystal aUgimient film according to any one of daims 13 to 15, 
wherein the molecules constituting the film contain Si at the terminals. 
17. The hquid crystal aUgnment film according to any one of claims 13 to 16, 
wherein the critical surfe.ce energy of the film is controlled to be a desired value 
between 15 mN/m to 56 mN/m. 

30 18. A liquid crystal ahgrunent film, wherein a resin film transparent in visible 
light range and having energy beam sensitive groups and thermoreactive groups 
is formed directly on electrodes or indirectly via an arbitrary thin film, and at least 
the energy beam sensitive groups are reacted and crosslinked. 
19, The liqviid crystal alignment film according to daim 18, wherein the enei^ 
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beam sensitive groups and the thermoreactive groups are introduced as side chain 
groups in the resin film 

20 The hquid crystal al^nment film according to claim 18, wherein the energy 
beam sensitive groups, the thermoreactive groups and hydrocarbon groups are 
introduced as side chain groups in the resin film. 

21. The hquid crystal alignment film according to claim 18, wherein the sur&oe 
of the resin film has striped concavities and convexities. 

22. The hquid crystal alignment film according to any one of claim 18 to 21, 
wherein the thermoreactive groups are reacted and crosslinked. 

23. The Hquid crystal alignment film according to claim 18, wherein a substance 
represented by (formula 1) is used as the resin film, 
(formula 1) 




CGMA] 



4 

24. A method for producii^ a liquid crystal alignment film comprising the steps 
of applying and forming an energy beam sensitive resin film for generating 
fiinrtional gmiipa mn taining arrivA hydmgftn by mp^rgy hftams directly or 
indirectly via an arbitrary thin film on a predetermined sur&ice of a substrate 
provided with electrodes, irradiating the sur&ice of the resin film with energy 
beams in an arbitrary pattern, oontacting the irradiated resin film with a 
chemisorption solution containing a silane-based sur&ctant having linear carbon 
chains and Si groups, washing the substrate with a solvent incapable of dissolving 
the resin film, thereby forming one layer of a monomolecular film formed of the 
surfactant selectively in the irradiated portion, and aligning and fixing the linear 
carbon chains in the sur&ctant molecules. 

25. The method for producing a hquid crystal aligimient film according to claim 
24, wherein the energy beams are at least one hght selected fix>m the groiqp 
consisting of electron beams, X mys or light with a wavelength of 
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100 mn to 1 M m. 

26. The method for producing a liqtiid crystal alignment film according to daim 
25, wherein the chemisoiption solution contains at least a chlorosilane-based 
sur&ictant comprising a linear carbon chain and a chlorosilyl group and a solvent 

5 that causes no damage to the energy beam sensitive resin film. 

27. The method for producing a liquid crystal alignment film according to daim 
25 or 26, wherein the energy beams are at least one light selected fi^om the group 
consisting of ultraviolet rays, visible rays and infimed rays, and the energy beam 
sensitive resin film is a photosensitive resin film. 

10 28. The method for producing a Hquid crystal alignment film acoordiiig tod 
27, wherein the photosensitive resin film is a poljoner film or a monomer film 
containing at least one organic group selected firom the group consisting of a groiip 
represented by (formula 2), a gro\q) represented by (formula 3) and a group 
represented by (formula 4). 

15 (formula 2) 

No O 
II II 



20 (formxda 3) 

O 

II I 
-C-0-N=C 

I 

25 (formula 4) q 

I II 

-SO„ -O-C-C-CH3 

^ I 

CH3 

30 29. The method for producing a Uquid crystal aligiunent film according to any 
^"""^^^^gnf rlaimfi 24 to 28, wherein a solvent induding a carbon fluoride group is used 
^ ^s a n onaqueous solvent. 
'""^"^SoT^ A method for producing a monomolecular liquid crystal alignme nt film 
comprising the steps of contacting a substrate provided with electrodes with a 
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chemisorption solution so as to cause a chemical reaction between molecules of a 
surfactant in the adsorption solution and a surfisice of the substrate, thereby 
bonding and fixing the sur&ctant molecxdes to the sur&oe of the sxibstrate at one 
end, washiE^ the substrate witii an organic solvent, and tilting the substrate in a 
5 desired direction so €ls to drain off the solvent, thereby aligning the fixed molecules 
in the direction in which the solvent was drained o£ 

31. The method for producing a monomolecular hquid aystal aU^mnent film 
according to daim 30 further comprising the step of exposLQ^ substrate to light 
polarized in a desired direction via a polarizing plate afi;er the step of aligning the 

10 molecules, so as to align tiie orientations of the sur&ctant molecules uniformly in a 
specific direction at a desired tilt. 

32. The method for producing a monomolecular liquid crystal alignment film 
according to daim 30 or 31, wherein a silane-based sxirfeictant containing linear 
hydrocarbon groups or sUoxane bond chains and chlorosilyl groups, alkosysilyl 

15 groups or isocyanate silyl groups is xised as the surfeictant. 

33. The method for producing a monomolecular Uquid crystal alignment film 
according to daim 32, wherein a plurality of types of silane-based surfeictants, each 
having a different molecular length, are mixed and used as the sUane-based 
surfiactant containing linear hydrocarbon groups or siloxane bond chains and 

20 chlorosilyl groups, alkoxysilyl groups or isocyanate sUyl groups. 

34. The method for producing a monomolecular hquid crystal alignment film 
according to claim 32 or 33, wherein a carbon of a part of the hydrocarbon group 
has an optical activity. 

35. The method for producing a monomolecular hquid crystal alignm ent film 
25 according to any one of daims 32 to 34, wherein the hydrocarbon group or the 

siloxane bond chain contains a halogen atom or a methyl group (-CH3), a phenyl 
group (-CeHg), a cyano group (-CN), a hydroxyl group ( -OH), a carboxyl group (- 
COOH), an amino group (-NH2), or a carbon tridfluoride group (-CF3) at the 
terminal. 

30 36. The method for producing a monomolecular hquid crystal aUgnment film 
according to daim 31, wherein light that is used for e3q)0sxu:e is Ught having at 
least one wavelength selected &om the group consisting of 436 nm, 405 nm, 365 
run, 254 nm and 248 run. 

37. The method for producing a monomolecular liquid crystal aligrmient fihn 
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according to any one of claims 32 to 36, wherein a silane-based surfeictant 
containing linear hydrocarbon groups or siloxane bond chains and chlorosilyl 
groups or isocyanate silyl groups is \ised as the surfiictant, and a nonaqueous 
organic soh^ent containing no water is used as the washing organic sob^ent. 

38. The method for producing a monomolecular Uqmd crystal aUgnment film 
according to ol^im 37, wherein a solvent containing an alkyl group, a carbon 
fluoride group or a carbon chloride group or a siloxane group is \ised as the 
nonaqueous oi^anic solvent. 

39. / The method for producing a monomolecular hqmd caystal alignment film 
according to any one of claims 30 to 38, wherein a film containing a large number 
of SiO groups is formed before the step of fixii3^ the sur&ctant molectdes at one 
end, and then a monomolecular film is formed via this fihn. 

^yoT^A method for producing a monomolecular Uqmd crystal alignment film 
comprising the steps of contacting a substrate provided with electrodes with a 
chemisoiption solution produced by using a silane-based siurfectant cont ainin g 
carbon chains or siloxane bond chains, at least a part of the carbon chain or the 
siloxane bond chain containing at least one functional group for controUing a 
surface energy of a formed fihn, thereby causing a chemical reaction between the 
sin^ctant moleciiles in the adsorption solution and the surfeice of the substrate so 
as to bond and fix the surfeictant molecules to the sxirface of the substrate at one 
end. 

41. The method for producing a monomolectilar Hquid crystal alignm ent film 
according to rifiim 40, whereia a silane-based stirfeictant containing Unear carbon 
chains or siloxane bond chains and chlorosilyl groups, alko^Qrsilyl groups or 
isocyanate silyl groups is used as the svurfeictant. 

42. The method for producing a monomolecxilar hquid crystal al i gnm ent film 
according to daim 40 or 41, wherein a plurality of types of siHcon-based 
surfeictants having different critical surface energies are mixed and used as the 
surfactant. 

43. The method for producing a monomolecular hquid crystal ahgnment film 
according to any one of claim 40 or 42, wherein a terminal or a part of the carbon 
chain or the siloxane bond chain comprises at least one organic group selected 
fix>m the group consisting of a carbon trifluoride: group (- GFg), a methyl group (- 
CH3), a vinyl group (~ CH = CHg), an aUyl group (- CH = CH-), an acetylene group 
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(triple bonds of carbon - carbon), a phenyl group (- CgHg), an aiyl group (- CeH4 - ), 
a halogen atom, an alkoxy group (- OI^- R represents an alkyl group), a cyano 
group (- CM), an amino group (- NHg), a hydroxyrl group (- OI^, a carbonyl group 
( = CO), an ester group (- COO -) and a carbo^grl group (- COOH). 
5 44. The method for producing a monomolecular hquid crystal alignment film 

according to any one of claim 40 or 43, further comprising the steps of washu^ the 
substrate with an oi^anic solvent after the step of bonding and fixing the 
sur&Lctant molecules to the sur£Bice of the substrate at one end, and tiltii^ the 
substrate in a desired direction so as to drain ofif the solvent, thereby aligning the 

10 fixed molecules in the direction in which the solvent was drained oflEl 

45. The method for producing a monomolecular liquid crystal alignment film 
according to claim 44 fiirther comprising the step of exposing the substrate to l^ht 
through a polarizing film after the step of aligning the molecxiles, so as to reali^ 
the molecules in a desired direction. 

15 46. The method for producing a monomolecular liquid crystal alignment film 
according to d^im 44 to 45, wherein a silane-based sirrfeictant containing linear 
carbon r^hj:^inR or siloxane bond chains and chlorosUyl groups or isocyanate silane 
groups is used as the surfiactant, and a nonaqueous organic solvent containing no 
water is used as the washing organic solvent. 

20 47. The method for producing a monomolecular liquid crystal ahgmnent film 
according to claim 46, wherein a solvent containing an aliyl group, a carbon 
fluoride group or a carbon chloride groiq) or a siloxane group is used as the 
nonaqueous organic solvent. 

The method for producing a monomolecular hquid crystal ahgnment fihn 

25 according to any one of claims 40 to 47, fiirther comp ri sing the step of forming a 
film containing a lar^ number of SiO groups before the step of fixing the 
svirfactant molecules at one end, and then forming a monomolecular film via this 
film. 

/^/^ A method for producing a hquid crystal ahgnment film comprising the steps 
30 of applying and forming a resin film transparent in a visible hght range and 
having energy beam sensitive groups and thermoreactive groups on a 
predetermined sur&ce of a substrate provided with electrodes direcfly or indirectiy 
via an arbitrary thin film, and at least irradiating the resin film with energy 
beams throu^ an arbitrary mask so as to react and crosslink the energy beam 
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sensitive groiq>s. 

50. The method for produdi^ a liquid aystal alignment film aooording to daim 
49, wherein the step of reacting and crosslinking the thermoreactive groups by 
heating is added before or after the step of reacting and crosslinking the energy 

5 beam sensitive groups- 

51. The method for producing a Uquid crystal alignment film according to daim 
49 or 50, wherein the energy beam sensitive groups are photosensitive groups, and 
the resin film is irradiated with tdtraviolet rays through a mask so that the 
photosensitive groups in the resin film react not only to crosslink between 

10 prindpal chains but also to align and fix side chain groups. 

52. The method for producing a liquid crystal alignment film according to any 
one of daims 49 to 51, wherein a polarizing film or a difi&action grating is used as 
the mask for exposure. 

^^53^^^JPhe method for producing a liquid crystal alignment film according to any 
15 one of daims 49 to 52, wherein in the step of exposure, the resin film is exposed to 
Ught to an extent that concavities and convexities are generated on the siirfoce 
jthereof 

54. A hquid crystal display apparatus comprising a pair of substrates, electrodes 
and alignment films, the electrodes being formed on the surfiaces of the substrates, 

20 the alignment films being formed thereon, Uquid crystal being interposed between 
the ooxmter electrodes on the two substrates via the alignment films, 

wherein at least one alignment film is a film in which a silane-based 
surfactant having a linear carbon chain is chemically adsorbed via an energy 
beam sensitive film for generating a functional group containing active hydrogen 

25 by irradiation of energy beams, and the linear carbon chains are aligned in a 
specific direction. 

55. A Uquid crystal display apparatus, wherein a film is formed as an alignme nt 
film for Uqxiid crystal directly on a surfoce provided with electrodes on at least one 
substrate of two substrates provided with coxmter electrodes or indirectly via 

30 another film, the film being a monomolecular film formed of a silane-based 
svirfoctant having linear carbon chains or siloxane bond chains, molecules 
constituting the film having a desired tilt and being bonded and fixed to the 
surface of the substrate at one end while being aligned uniformly in a specific 
direction, Uquid crystal being interposed between the counter electrodes on the two 



69 



substrates via the alignment film. 

56. The hquid crystal display apparatus according to daim 55, wherein said film 
is formed on each of the sur&ces of the two substrates provided with the coimter 
electrodes as the alignment film. 

57. The liquid aystal display apparatus according to daim 55 or 56, wherein the 
film on the sur&ce of the substrate comprises a pliirality of patterned sections 
each having a different alignment direction. 

58. /The liquid crystal display apparatus according to daim 55, wherein the 
counter electrodes are formed on a sur&ce of one substrate. 

^^9. A liquid crystal display apparatus, wherein a film is formed as an alignment 
film for liquid crystal directly on a surface provided with electrodes of at least one 
substrate of two substrates provided with counter electrodes or indirect^ via 
another film, the film being constituted by molecules containing carbon chains or 
siloxane bond chains, a part of the carbon chain or the siloxane bond chain 
containing at least one fimctional group for controlling a sur&ce energy of the film, 
Hquid crystal being interposed between the coxmter electrodes on the two 
substrates via the alignment film. 

60. The Uqvdd crystal display apparatus according to claim 59, wherein said film 
is formed on each of the siirfaces of the two substrates provided with the counter 
electrodes as the alignment film. 

61. The liquid crystal display apparatus according to claim 59 or 60, wherein the 
film on the siu&ce of the substrate comprises a pluraUty of patterned sections, 
each having a different alignment direction. 

jg2. The liquid crystal display apparatus according to daim 59, wherein the 
ooimter electrodes are formed on a sur&ce of one substrate. 
63T~]Sniquid crystal display apparatus, wherein a resin film transparent in a 
visible Ught range and having energy beam sensitive groups and thermoreactive 
groups is formed directly on electrodes or indirectly through an arbitrary thin film, 
and at least the energy beam sensitive groups are reacted and crosslinked, the 
thus obtained hqxiid crystal aligiunent filtn being formed on electrodes on at least 
one substrates of two substrates provided with counter electrodes, hquid crystal 
being interposed between the coimter electrodes on the two substrates via the 
resinfilm. 

64. A method for producing a liquid crystal display apparatus comprising the 
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steps of applying and forming an enei^ beam sensitive resin film £br generating 
functional groups oontaining active hydrogen by energy beams directly or 
indirectly via an arbitrary thin film on a first substrate including first electrode 
arrays arranged in a matrix beforehand, irradiating the surfiaoe of the resin film 
5 with energy beams in an arbitrary pattern, contacting the svibstrate with the 
irradiated resin film with a chemisorption solution containing a silane-based 
surGsLctant having linear carbon chains and Si, washii^ the substrate with a 
solvent incapable of dissolving the resin film so as to form one layer of a 
monomolecular film formed of the sur&ctant selectively in the irradiated portion, 

10 and aligning and fixing the linear carbon chains, attaching the first substrate 
including the first electrode arrays to a second substrate including second 
electrodes or electrode arrays so that the respective electrodes are opposed with a 
predetermined gap, and injecting predetermined hquid crystal between the first 
substrate and the second substrate. 

15 65. A method for produdng a hquid crystal display apparatus comprisuig the 
steps of contactii^ a first substrate induding first electrode arrays arranged in a 
matrix beforehand with a chemisorption solution directly or after forming an 
arbitrary thin film so as to caiise a chemical reaction between the surfectant 
molecules in the adsorption solution and the surface of the substrate, thereby 

20 bonding and fixing the surfectant molecules to the surfeice of the substrate at one 
end, washing the substrate with an organic solvent, tilting the substrate in a 
desired direction so as to drain off the solvent, thereby aUgning the fixed molecules 
in the direction in which the solvent is drained ofl^ exposing the substrate to hght 
polarized in a desired direction through a polarizing plate so*as to align the 

25 orientations of the sur&ctant molecules imiformly in a specific direction at a 

desired tilt, attaching the first substrate induding the first electrode arrays to a 
second substrate or a second substrate induding second electrodes or electrode 
arrays so that the feces provided with the electrodes are fisidng inward with a 
predetermined gap, and injecting predetermined Uqtiid crystal between the first 

30 substrate and the second substrate. 

66. The method for producing a hquid crystal display apparatus according to 
rlflim 65, wherein in the step of exposing the substrate to hght polarized in a 
desired direction through a polarizing plate so as to ahgn the orientations of the 
bonded surfectant molecules imiformly in a specific direction at a desired tilt, the 
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step of exposvire with a patterned mask disposed on the polarizing plate is 



performed several times so as to form a plurality of pattemed sections each having 
a different alignment direction on one &ce of the alignment film. 

67. A method for producing a liquid crystal display apparatus comprising the 

5 steps of contacting a first substrate indudii^ first electrode arrays arranged in a 
matrix beforehand with a chemisorption solution directly or after forming an 
arbitrary thin film, the chenusorption solution being produced by using a silane- 
based surfactant containing carbon chains or siloxane bond chains, at least a part 
of the carbon chain or the siloxane lx)nd chain containing at least one ftm 

10 group for controlling a surfeice energy of a formed film, so as to caxise a chemical 
reaction between the surfeictant molecules in the adsorption solution and the 
sur&ce of the sidDStrate, thereby bonding and fixing the sxu&ctant molecules to 
the surface of the substrate at one end, washing the substrate with an organic 
solvent, tilting the substrate in a desired direction so as to drain off the solvent, 

15 thereby aligning the fixed molecules in the direction in which the solvent is 

drained oS, attaching the first substrate including the first electrode arrays to a 
second substrate or a second substrate including second electrodes or electrode 
arrays so that the feces provided with the electrodes are facing inward with a 
predetermined gap, and injectii^ predetermined Uquid crystal between the first 

20 substrate and the second siibstrate. 

68. The method for producing a Uquid crystal display apparatus according to 
claim 67, further comprising the step of ejqxjsing the substrate to light polarized in 
a desired direction throiigh a polarizing plate so as to align.the orientations of the 
surfactant molecules uniformly in a specific direction at a desired tilt affcer the step 

25 of aligning the fixed molecules. 

69. The method for producing a Uquid crystal display apparatus according to 
daim 68, wherein in the step of exposing tihe substrate to Ught polarized in a 
desired direction through a polarizing plate so as to aUgn the orientations of the 
bonded surfactant molecules imiformly in a specific direction at a desired tilt, the 

30 step of exposure with a pattemed mask disposed on the polarizing plate is 

performed several times, thereby forming a pluraUty of pattemed sections each 
having a different aUgiunent direction on one face of the aligimient film. 

70. A method for producing a Uquid crystal display apparatus comprising the 




and forming a resin film transparent in a visible %ht range and 
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having energy beam sensitive groups and thermoreactive groups directly or 
indirectly via an arbitrary thin fihn on a fibrst substrate including first electrode 
arrays arranged in a matrix, at least irradiating tiie resin film with energy beams 
through an arbitrary mask so as to react and crossUnk the enei^ beam sensitive 
5 groups, attaching the first substrate including the first electrode arrays to a second 
substrate including second electrodes or electrode arrays opposed to the first 
electrode arrays so that the respective &ices provided with the electrodes are 
opposed to each other, and injecting predetermined liquid crystal between the first 
substrate and the second substrate. 
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